We reviewed 124 patients with a conventional pelvic chondrosarcoma who had been treated over a period of 20 years. We recorded the type of tumour (central or peripheral), type of operation (limb salvage surgery or hemipelvectomy), the grade of tumour, local recurrence and/or metastases, in order to identify the factors which might influence survival.
Chrondrosarcoma is the second most common primary malignant tumour of bone after osteosarcoma. It occurs most often in the pelvis, the ilium being the most frequently involved bone, followed by the pubis and ischium. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Because chemotherapy and radiotherapy do not influence the prognosis, the goal of surgery, which can be either a hindquarter amputation or an internal hemipelvectomy, is to resect the entire lesion with wide margins. [10] [11] [12] Within the pelvis, there are no major anatomical barriers to extension of a tumour. Therefore, pelvic sarcomas can produce large, extraskeletal masses without specific symptoms other than pain. When patients finally seek medical advice, these tumours are often large. This, in addition to the proximity of important structures such as the bladder, rectum, and neurovascular bundles makes resection challenging. 6, 13, 14 Local recurrence is frequent although the impact on the survival of the patient is unclear. However, it is reasonable to conclude that the prognosis is worse if there is recurrence.
We reviewed our experience of the surgical treatment of 124 intramedullary (central) and secondary (peripheral) pelvic chondrosarcomas. With adequate follow-up we investigated the factors which might influence the prognosis.
Patients and Methods
We reviewed the records of 124 patients with a pelvic chondrosarcoma who had presented between 1971 and 1999 and obtained data regarding the age, gender, date of diagnosis, previous treatment, the type and grade of the tumour, the date and type of surgery performed, surgical margins, complications and management, and the oncological outcome.
All available radiographs were reviewed for the following features: location of the tumour relative to the cortex (central or peripheral), the epicentre (the bone from which the tumour was thought to have arisen), the type of surgical intervention (limb-sparing resection or hemipelvectomy) and the site of local recurrence.
We included patients with a recurrence after previous surgery undertaken elsewhere. The volume of the tumour was not recorded. Each case was reviewed by a pathologist (FB), including the biopsy, the resection specimen, and any further specimens if there had been recurrence.
Conventional intramedullary and secondary chondrosarcomas were classified into three grades (1, 2 and 3). Dedifferentiated and mesenchymal chondrosarcomas were not considered since they are high-grade tumours. The only case of a clear-cell chondrosarcoma was also not included since it is a low-grade tumour. For 29 patients (23.4%), their first operation had been in another institution and they had then been referred after a local recurrence. Ten of these (34.5%) underwent hindquarter amputation at our hospital.
Oncology
Intra-operative margins were classified as 'wide', 'wide contaminated', 'marginal' and 'intralesional'. Only wide margins were considered to be adequate; contaminated margins were regarded as positive. The criteria for contaminated margins were related to the surgeon's operative description. If the tumour was violated during resection, even if additional tissue was removed to achieve wider margins, margins were considered to be wide contaminated. Consequently, the final decision about margins was only achieved after obtaining a consensus among surgeons, and after review of the pathology.
The date, site, and treatment of recurrent and metastatic lesions were recorded and the follow-up data obtained from the records were updated by a questionnaire sent to the patients. Statistical analysis. This was performed using a chi-squared contingency table, Kaplan-Meier survival curves and multivariate Cox regression analysis. Values for p ≤ 0.05 were regarded as significant.
Results
A conventional chondrosarcoma was present in 124 patients; 63 tumours were central and 61 peripheral. The distribution according to the grade, site and the mean duration of pain for both types is shown in Table I . The epicentre for 31 (49%) of the central tumours was located in the acetabulum, whereas for peripheral tumours, in 33 (54%) it was in the ilium. This difference was statistically significant (p < 0.0005). There was also a significant difference in severity of the tumours between the two groups with 44 (70%) of central tumours being grade 2 and 39 (64%) of peripheral tumours being grade 1 (p < 0.0005).
We treated 44 central tumours by limb-sparing resection and 32 (73%) had wide margins. Eighteen patients with central tumours underwent hemipelvectomy, and 14 (78%) had wide margins. We treated 49 peripheral tumours by limb-sparing resection, and 25 (51%) had wide margins. Twelve patients with peripheral tumours underwent hemipelvectomy, and ten (83%) had wide margins. Central tumours had a wide margin more often than peripheral tumours, wide margins being obtained more frequently with hemipelvectomy than with limb-sparing resection (p = 0.059, p = 0.077, respectively). However, the type of operation did not correlate with the local rate of recurrence.
The tendency for tumours which crossed the sacroiliac joint to have inadequate margins, compared with the adequate margins of acetabular tumours was statistically significant (p = 0.05). However, the differences in location of the tumour did not appear to influence the rate of local recurrence. Tumours located in the lower part of the pelvis (pubis and ischium) were more likely to be treated by hemipelvectomy (p = 0.073).
For those patients with central tumours, the margins were wide in 46 (73%) and positive in 17 (27%). Of those with wide margins, eight (17%) developed a local recurrence and six (13%) died from disease. Of the 17 patients with inadequate margins, seven (41%) had a local recurrence. For those with peripheral tumours, the margins were wide in 35 (57%) and inadequate in 26 (43%); of those with wide margins, only one (3%) developed a local recurrence whereas six (23%) patients with inadequate margins had a local recurrence. The lower incidence of recurrence in patients with wide rather than inadequate margins was statistically significant (p = 0.016). There was local recurrence in five (13%) of the patients with a grade 1, 12 (18%) with a grade 2 and five (28%) with a grade 3 tumour. The relationships between the grade of tumour and local recurrence, and the grade of tumour and margins, were not statistically significant (p = 0.187 and p = 0.367, respectively). However, a significantly higher number of patients with grade 3 tumours underwent a hemipelvectomy (p < 0.0005). Table II shows the incidence of distant metastases for the different grades of chondrosarcoma. Higher grades were associated with a higher incidence of metastases (p < 0.0005). No patient with a grade 1 chondrosarcoma developed distant metastases. For the higher grades, local recurrence was related to the incidence of metastases (p = 0.016). Survival analysis. The Kaplan-Meier curve for overall survival (Fig. 1) showed a mean survival of 92% at five years and 88% at ten years. However, patients with a peripheral chondrosarcoma have a better long-term survival (96% at final follow-up) than those with a central chondrosarcoma (73%). This difference was significant (p = 0.00093). The overall survival related to the location of tumour is relative to the cortex shown in Figure 2 , and the survival related to the grade in Figure 3 , the grade being statistically related to survival. The difference in survival between grade 1 and grade 2 tumours was not significant (p = 0.06) although both were associated with a higher overall survival than for grade 3 tumours (p < 0.00005).
Only one patient was treated by curettage, while 30 underwent hemipelvectomy and 93 had a limb-sparing surgical resection. There was a better chance of survival in those treated by resection (p < 0.00005).
Local recurrence had a significant effect on survival. Only 48% of those with a local recurrence were alive by the follow-up at 14 years while those without a local recurrence had a 96% chance of survival after ten years. Patients with grade 1 and grade 2 tumours and with a local recurrence, had a five-year survival of 70% or more. However, those with a grade 3 chondrosarcoma who also had a local recurrence, had a five-year survival of less than 10% compared with the five-year survival of 63% for all patients with grade 3 tumours. Multivariate analysis confirmed that the worst prognosis was related to the type of operation (p = 0.0002; odds ratio, 30; 95% confidence interval (CI), 5 to 189), local recurrence (p < 0.0000; odds ratio, 43; 95% CI, 7 to 267) and metastasis (p < 0.0000; odds ratio, 19; 95% CI, 4 to 78). Progression of grade. When reviewing the pathological specimens for patients with a local recurrence of grade 1 and grade 2 tumours, a higher grade (grade 3) was identified in three of 12 patients with a recurrent grade 2 chondrosarcoma. One of these patients presented with skeletal metastases shortly after their local recurrence and then died. No patient with a recurrent grade 1 tumour had a high-grade chondrosarcoma at the time of their recurrence.
Discussion
As noted by others, 1 any system of grading for chondrosarcomas is intrinsically subjective, although grading is very important prognostically. When reviewing the pathology we considered both the surgeon's and pathologist's views in order to clarify best the impact of grade and surgical treatment on outcome.
In contrast to earlier studies, 10,15 our analysis showed that the incidence of wide margins was much higher after hemipelvectomy than after a limb-sparing resection. This has been reported previously by Marcove et al 16 in a study which predated current advances in imaging studies and limb salvage. The same could be said of our results, as many of our patients were treated in the early 1980s. How- Cumulative survival for the whole group of 124 patients. ever, the influence of surgical margins, whether after hemipelvectomy or limb-sparing resection, had a significant effect on the rate of local recurrence. In our present study, the higher-grade tumours had more local failures although this was not statistically significant. Of the five local recurrences in grade 1 tumours, only one patient had wide margins at the time of resection, as opposed to four of the 12 patients with recurrent grade 2 tumours, and four of the five patients with recurrent grade 3 tumours. In an earlier report by Sheth et al, 10 grade 1 pelvic tumours were locally less aggressive and there was a significant difference in the local recurrence-free survival between patients with grade 1 tumours and positive resection margins compared with grade 2, grade 3 and dedifferentiated chondrosarcomas with positive resection margins. Kreicbergs et al 17 did not find the histological grade to be a significant factor. It thus appears that the influence of the grade of chondrosarcoma on local failure is not, as yet, properly established.
Another important prognostic factor on local outcome is the site of the tumour. Those tumours which crossed the sacroiliac joint had a higher incidence of local recurrence compared with those at other sites. The inaccuracy of estimating the degree of tumour extension across the sacroiliac joint, as well as the difficulty in performing the bony cuts during resection combined with tumour infiltration into the sacral wing, explains the higher incidence of inadequate margins and local failure in these patients. Peripheral tumours showed a tendency towards inadequate margins compared with central lesions. This may be attributed to the larger size of peripheral tumours although we were unable to include the volume of the tumour in our study since the relevant information was not available for most of our patients.
The single, most significant prognostic factor for distant failure was the grade of the tumour. No patient with a grade 1 tumour developed distant metastases, and none died from their disease. Local recurrence was not associated with an increased incidence of metastases in either grade 1 or grade 2 tumours, with only one patient in the latter group developing distant metastases.
The relationship between local failure and overall survival in chondrosarcoma has been extensively reported. Sheth et al 10 stated that local recurrence did not influence overall survival in their series. However, Ozaki et al 11 studied the outcome of 26 patients treated by intralesional surgery. The overall survival for patients with grades 1 and 2 (combined) or grade 3 chondrosarcomas was 85% and 44%, respectively. According to Lee et al, 9 local recurrence had no effect on the rate of either metastases or death in their group of patients with low-grade chondrosarcomas.
In our study, the survival of patients with a pelvic chondrosarcoma was greatly influenced by the grade of tumour because of the higher incidence of distant metastases with higher tumour grades. Local recurrence did not significantly affect the survival for low-grade compared with high-grade tumours since this was not associated with an increased incidence of distant metastases although there was an increased morbidity. Adequate surgical margins are essential in the treatment of pelvic chondrosarcoma in order to reduce the incidence of local failure and distant metastases. Weber et al 14 recently reported the outcome of recurrent chondrosarcoma of the pelvis. In 14% (three cases), the tumour at the initial recurrence was of a higher grade than at first presentation. In six additional cases it became a higher grade during subsequent recurrences. In our study, no patient with a grade 1 tumour had a higher grade at the time of their recurrence, although 25% of patients with grade 2 tumours had a higher grade at the time of recurrence.
In conclusion, the treatment for a conventional pelvic chondrosarcoma can be either by limb-sparing resection or hemipelvectomy. Central, high-grade tumours require aggressive surgical treatment in order to achieve adequate surgical margins, particularly those located close to the sacroiliac joint. By contrast, grade 1 peripheral chondrosarcomas may be treated with contaminated margins in order to reduce the incidence of operative and post-operative morbidity but without reducing the survival.
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